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摘 要
厦门是过去五年来增长最快的大城市之一。 这种快速的城市化导致注册的
汽车数量增加，这对城市的交通状况和环境造成了巨大的挑战。 为了减少交通
拥堵和空气污染，城市当局计划了一个新的地铁公共交通服务。 这项研究的目
的是对（厦门地铁），新的替代公共交通模式进行经济分析。
如在大多数交通模式评价研究中，应用所述偏好离散选择建模的方法。 定
义了 20Km（工作/学习之旅）的假设场景及其适当属性及其相应级别。 然后，
使用经验证的正交分数因子统计设计来构建在调查中向调查对象呈现的替代方
案或选择。基本上，在所有情况下，受访者（通勤者）被要求从三个给定的选
择中选择一个，每个选择代表三种交通模式之一：公共汽车，地铁和汽车。 使
用多项 Logit模型估计方法，估计三个效用函数或对通勤者的满意度形成他/她
对不同运输模式的选择。估计了旅行属性的边际效应（VTTS-旅行时间节省值）
或（VOT时间值），并通过补偿变化的计算进行了城市交通模式的福利研究。
关键词：传输模式; 所述偏好离散选择模型; 多项 logit 模型; 旅行时间节省的价值; 补偿变
化。
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Abstract
Xiamen was among the fastest growing metropolitan cities during the past five years. This rapid
urbanization led to an increased number of registered motor vehicles, which has posed challenges
for the city’s traffic conditions and the environment. To reduce traffic congestion and air pollution,
the City authority has planned a new Metro public transport service. The purpose of this study is to
do an economic analysis of (Xiamen Metro), the new alternative public transport mode.
As in most of the transportation mode evaluation studies, the present study used the stated
preference discrete choice modeling. A hypothetical scenario of a 20Km (work/study trip) was
defined along with its proper attributes and their corresponding levels. Then, a proven orthogonal
fractional factorial statistical design was used to build the alternatives or choices presented to the
respondents in the survey. Basically, in all scenarios, the respondents (commuters) were asked to
choose one out of three given choices, with each choice representing one of the three transport
modes: Bus, Metro, and Car. Using the multinomial logit model estimation method, the three utility
functions, or satisfaction to the commuters form his/her choices of different transport modes were
estimated. The marginal effect (VTTS- value of travel-time saving) or (VOT value of time) for the
trip attributes was estimated and a welfare study of the metro transport mode was conducted through
the calculation of compensating variation. Our Findings showed that the city commuters reacted
very positively to the introduction of the new alternative transport mode (Xiamen metro) and this
was clearly shown in the 65% market share for the metro, as well as the benefit to the social welfare
given by the 2.28 RMB individual’s willingness to pay.
Key Words: Transport mode, stated preference discrete choice model, multinomial logit model,
Value of travel time saving, compensating variation.
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3Chapter 1 Introduction
1.1 Motivation
Transportation mode choice modeling is a very useful method to provide inputs
or feedbacks for transportation planning. Usually there are two main roles of
transportation mode choice modeling; 1) estimating marginal values, such as the
(VOT) money value of time or the (VTTS) value of travel time saving; 2) forecasting
travel demand based on changes in the transportation system.
In transportation studies, (work/study trips) are considered to be the primary
cause of peak-hour traffic congestion in the urban transportation networks. Therefore
work/study trips are the central focus of most urban transportation planning and
policy analysis.
Xiamen is a sub-provincial city in southeastern Fujian, China. It is divided
roughly into five regions: Xiamen Island, Jimei, Tongan, Haicang, and Xiangan.
Xiamen Island, as its name indicates, is an island and it is linked to the four other
districts by few bridges and tunnels. It is the heart of Xiamen’s economy and it hosts
most business activities. The average distance for a trip from one of these areas to
Xiamen Island is about 20Km. During peak hours, where commuters (workers,
employees or students) have to travel from/to home/work, traffic congestion is the
worst. This research paper, focused on the study of individual choices of
transportation travel modes (bus, metro, or car), in a daily home-to-work or
work-to-home (work/study trip) in Xiamen City.
The main objectives of this study are:
 To identify some of main factors that influences the mode choice behavior of
commuters (workers, employees, or students).
 To build a model for the travel mode choice for work/study trips in Xiamen
City.
 To estimate the value of time (VOT) or the value of travel time savings (VTTS)
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4for the new alternative transport mode (Xiamen Metro Service). This VTTS
value is practically nothing but, the amount of money the Xiamen commuter is
willing to pay in order to reduce by one unit (1minute) his/her travel time.
 To anticipate the welfare impact of the introduction of this new transport mode
(Xiamen Metro).
1.2 Literature Review
The study of the behavioral responses of individuals to certain business and
governmental decision or policies is of great importance to both enterprises and
governments. Enterprises are interested in winning market shares by introducing new
highly demanded products in the consumer market, while governments are interested
in establishing proper feedback after implementing a new policy or providing a new
public service.
Marketing analysis studies make use of effective research methods (proper data
collection, proper experimental design, and adequate model estimation) to capture
representative customer preferences. The data (survey data) used in such studies are
of two types, Revealed Preference (RP) data and Stated Preference (SP) data. The
main difference between The RP and SP surveys is that: the RP survey captures
information about what the respondents really did under a real-time scenario, while
the SP survey (also known as: conjoint analysis) captures information of what the
respondents would potentially do under a given scenario. The fact that Xiamen metro
is still under construction and not operational at the time this study was conducted
makes it not possible to collect revealed preference data about the metro service. The
stated preference experiment in this study was properly defined and presented to the
respondents to resemble very closely the real world context.
Stated preference methods appeared in the 1960’s in a study in the field of
mathematical psychology (Luce and Tukey, 1964). Later, in the 1970’s the stated
preference methods became popular among the marketing researchers (Green and Rae
(1971), Cattin and Wittink (1982)) and the transportation researchers (Hoinville
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5(1970), Davidson (1973), Johnson (1974), Bates (1988), Hensher (1994), Ortuzar
(2000), and Louviere et al. (2000)). The latest application of SP was in the evaluation
of environmental goods (Bateman et al. (2000), Rizzi and Ortuzar (2003), Wardman
and Bristow (2004), Tudela and Garcia (2004), Tudela et. al. (2006)). Below, figure
1.1 presents a brief overview of the development of stated preference research through
the years.
One of the keys to the success of stated preference experiments is the proper
selection of the statistical design to construct the hypothetical choices presented to the
respondents in the survey. Some proven orthogonal statistical designs appeared in SP
experiments studies by (Kocur et al. (1982), and Louviere et al. (2000)). Later, some
other approaches, based on optimization were presented in the work of (Toner et al.
(1998), Toner et al. (1999).
In orthogonal designs, the attributes with their corresponding levels are varied
independently from one another (no correlation between a pair of attributes). This
design embedded property, guarantees efficient estimation of the utilities of the
available alternative choices without potential confounding of the attribute effects.
The orthogonal designs were criticized for empirical and theoretical reasons by
(Fawkes et al. (1993), Toner et al. (1998), Toner et al. (1999)). They noticed that the
condition of orthogonality between the attributes was not usefully transmitted to the
estimates when using a nonlinear modeling of responses. Especially when using logit
models. Figure 1.2 presents a brief overview of the development of statistical designs
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6used in stated preference experiments through the years.
The Value of Travel Time Savings (VTTS) reflects the user benefits of faster
travel (saving time through faster travel is considered valuable to the individual
considering that he will use this saved time to do alternative money generating
activities) . Due to its importance, the estimation of the “value of time” relates to early
transportation literature, in which discrete choice models were used: (Ben-Akiva &
Lerman (1985), Cherchi (2003), and Wardman &Waters II (2001)). A time allocation
theory was concluded from the works of: (Becker (1965), DeSerpa (1971), and Evans
(1972)).
In general, discrete choice experiments (SP/RP) are analyzed using the logit
family of econometric models. The development of the different types of logit models
is shown in Fig. 1.3
In transportation mode studies, the two mostly used logit models are: the (MNL)
multinomial logit model and the (ML) mixed logit model. MNL models impose strong
assumptions such as independence of irrelevant alternatives (error terms) IIA.
Modifications to the MNL models to relax these assumptions led to the random
parameter logit (RPL) or mixed logit (ML).
厦
门
大
学
博
硕
士
论
文
摘
要
库
71.3 Discrete Choice Models
The main concept behind the discrete choice model is the utility maximization. It
is logical to assume that the individual better knows the utilities of the available
alternatives and tends to choose the alternative of highest utility. For example, let’s
consider the simplest binary choice game in which respondents were given a task to
choose one alternative from two alternatives, (1) and (2)
It is believed that, if the individual (n) chooses alternative (1), then it is because:
In reality, it is more complex than this. Because there are many factors (unknown
to the researcher) that influence the individual’s choice behavior, but we can only
capture some of these factors through survey data. Therefore the utility (Uni) of
alternative (i) for individual (n) has two components; the deterministic component (Vni)
which is function of observed variables describing the alternative (Xn) and the
individual (Si), and the probabilistic component (ni).
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8Now equation (1) can be rewritten as:
And the cumulative distribution function of the new probabilistic variable ε nwill be:
If we impose the (IIA or independence of irrelevant alternatives) and Gumbel
distributions assumptions on the distributions of (ni), then we can come with a
generalized form of the choice probability.
Equation (6) is known as theMultinomial Logit Model (MNL). This model can be
estimated by Maximum Likelihood techniques. The multinomial logit model is used
the most in discrete choice modeling type of research, due to its simplicity. However,
MNL has several limitations. The first limitation is the IIA assumption; that says that
when individuals choose among a set of alternatives, their odds of choosing (choice 1)
over (choice 2) should not depend on whether some other (choice 3) is present or not.
This assumption is not valid in all settings. The second limitation, says that the
coefficients of all attributes are supposed to be the same for all individuals.
(Individuals heterogeneity is neglected). The development of the Nested Logit Model,
the Random Parameter Logit (RPL) orMixed Logit (ML) came later to overcome
these limitations.
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9Normally, in most travel mode type of research, the “linear-in-parameters” model
specification form of the utility function proposed by Domencich and McFadden
(1975) is mostly used.
1.4 Restrictions of the Multinomial Logit Model
If we consider the simple Multinomial Logit Model (MNL) represented in the two
main equations (6) and (8):
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1.5 Independence of Irrelevant Alternatives
1.6 Nested Logit Model
 We have J choices. We allow correlations between the choices through the
process of nesting.
 Nesting is done by grouping together or clustering sets of choices into S sets :
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11
 Correlations between choices in one nest are allowed, whereas independence
is forced between choices in different nests.
 Preferences are as in the MNL model. Individuals choosing the options with
the highest utility, where the utility of the choice (j) in set for individual (n)
is shown in equation (10).
The joint cumulative distribution function of the error terms is shown below in
equation (11).
Within the sets, the correlation coefficient for the is approximately equal
to , whereas between the sets, choices i and j are independent.
In this paper, we have transportation modes with three choices: Bus, Metro, and
Car. In the Public Set, we will allow correlation among Bus and Metro ( and
are correlated ). The Private Set contains only the Car choice, No correlations
exist between Car and Metro or Car and Bus. ( and are not correlated ).
The success of the nested logit model relies on how the nests are formed. Different
nest structures will produce different results. The nesting structure in this paper is
shown in figure 1.4 .
厦
门
大
学
博
硕
士
论
文
摘
要
库
12
The common practice is to cluster similar choices in nests or branches.
The Rum model becomes a little more complicated and it is shown in equation (12).
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2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
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